In this report we present a case of sepsis secondary to necrotizing fasciitis and its complications.
case presentation
A 37-year-old woman from a Northern Ontario community presented to the nursing station with a 3-day history of gradual-onset swelling and pain in the left arm. Upon arrival the patient was alert, oriented, and had no respiratory, abdominal, or cardiovascular symptoms. She had high-grade fever, chills, and night sweats. The arm was tender and swollen with visible hemorrhagic areas. She is a long-standing IV drug abuser and admitted to missing the vein when she injected drugs 5 days ago. Since then, the patient had noticed reddening of the right arm and complained of flu-like symptoms.
Relevant past medical history included intravenous (IV) drug use, hepatitis C positive status, and narcotic abuse. She had a previous MRSA positive nasal swab during a hospital admission and has a documented penicillin allergy (rash). The patient is a tobacco smoker with a 10-pack-year history.
A provisional diagnosis of severe cellulitis in the left arm was made. The patient was admitted to the local hospital and started on IV ceftriaxone, IV normal saline, ibuprofen, and acetaminophen. Blood cultures and complete blood count (CBC) were ordered. Over the course of the next 3 days a high-grade fever persisted and swelling of the arm worsened in spite of parenteral antibiotics. She developed hypotension and was noted to have worsening renal function on blood tests indicating acute kidney injury. Intravenous fluid resuscitation was commenced, vancomycin and clindamycin were added to the antibiotic regimen, and the patient was transferred to Thunder Bay Regional Health Sciences Centre (TBRHSC) for further management.
Upon arrival at TBRHSC the patient was hemodynamically stable (blood pressure 108/59[75], heart rate [HR] 80+, oxygen saturation 95%, respiratory rate [RR] normal, temperature 35.4˚C) after 6L of crystalloid resuscitation. A provisional diagnosis of necrotizing fasciitis (NF) was made and plastic surgery was consulted. The patient was taken to the operating room (OR) for emergency surgery. Postoperatively she was extubated and admitted to the intensive care unit (ICU) for ongoing care. A broad-spectrum antibiotic regimen using ceftriaxone, vancomycin, clindamycin, and metronidazole was initiated postoperatively in conjunction with morphine for pain control.
At admission to the ICU the patient was hypotensive, tachypneic (respiratory rate 20/min), and intermittently confused with poor urine output. Vital signs were blood pressure 112/72, HR 72, and oxygen saturation 94% on 4L nasal prongs. Lactate levels were elevated at 5 mmol/L. Arterial blood gases (ABG) showed uncompensated metabolic acidosis and hypoxemia. Chest x-ray showed bilateral interstitial shadowing with interspersed areas of focal consolidation. Blood cultures from the previous hospital were positive for gram-positive cocci. A diagnosis of septic shock secondary to NF and complicated by acute respiratory distress syndrome (ARDS) was made.
In the ICU, IV crystalloids and broad-spectrum antibiotics (ceftriaxone, clindamycin, vancomycin) were continued, a central line inserted and vasopressor therapy with norepinephrine initiated. Within a few hours the patient required intubation and mechanical ventilation for increasing oxygen requirements and work of breathing according to the ARDS Network protocol for protective lung ventilation. ICU management also included correction of electrolyte imbalances and close monitoring of fluid status with central venous pressure and central venous oxygen status measurements. a Adapted from Sarini et al. 1 Data from three retrospective chart reviews of patients with documented necrotizing soft tissue infection treated at single institutions. [14] [15] [16] discussion Necrotizing fasciitis (NF) is a rapidly progressing infection along fascial planes with secondary infection and necrosis of deep subcutaneous tissues. This rare condition has a mortality rate of up to 35% with the time to operative intervention being the primary determinant of mortality. 1 The diagnosis is a clinical one requiring a high index of suspicion (Table 1) ; treatment of NF is based on the removal of necrotic tissue, drainage, antibiotic therapy, and management of sepsis-related complications. 2 Antibiotic regimens usually include clindamycin for its anti-toxin effect. 2 Ceftriaxone is adequate for treating cellulitis but it is not sufficient antibiotic coverage for NF. When a necrotizing soft tissue infection is suspected it is important to have early broad-spectrum antibiotics coverage until cultures become available. The early management in this case highlights the importance of clinical suspicion; if a deeper infection was suspected earlier then perhaps some of the complications successfully managed in the ICU could have been avoided. In the OR, our patient underwent debridement and excision of dead fascia and muscle as source control as well as extensive fasciotomy of the left forearm to prevent compartment syndrome. Classification of NF is based on microbiology. Type I NF is a mixed infection of aerobic and anaerobic bacteria occurring in patients with several other comorbidities. Type II NF is caused by group A streptococcus alone or in combination with another species, commonly Staphylococcus aureus.
1 This is less common than type I NF and typically occurs in otherwise healthy patients with a predisposing skin injury. 1 The complications of NF include sepsis related to its systemic toxicity, compartment syndrome from small vessel thrombosis, limb loss, and death. Sepsis is defined as the combination of systemic inflammatory response syndrome (SIRS) and a source of infection. SIRS is clinical syndrome characterized by two or more of the following; tachycardia (HR >90/min), tachypnea (RR >20/min), altered leukocytes (WBC <4×10 9 or >12×10 9 ), or altered body temperature (<36˚C or >38˚C). 3, 4 International guidelines provide a list of warning signs for recognizing developing sepsis (Table 2) . 4 Management of sepsis is divided in two parts: initial early goal-directed therapy (EGDT) to be accomplished within the first 6 hours and maintenance therapy in the ICU. 4 This strategy has been variable criteria
General Variables
• Fever (core temperature >38.3˚C)
• Hypothermia (core temperature <36˚C)
• Heart rate >90 min -1 or >2 SD above the normal value for age • Tachypnea • Altered mental status • Significant edema or positive fluid balance (>20 mL/kg over 24 h) • Hyperglycemia (plasma glucose >120 mg/dL or 7.7 mmol/L) in the absence of diabetes
Inflammatory Variables
• Leukocytosis (WBC count >12 000 µL ·M -23 is normal in children; in children, diagnostic criteria for sepsis are signs and symptoms of inflammation plus infection with hyperthermia or hypothermia (rectal temperature >38.5 or <35˚C), tachycardia, and at least one of the following indications of altered organ function: altered mental status, hypoxemia, increased serum lactate level, or bounding pulses. shown to reduce mortality. 4, 5 Early management focuses on prompt antimicrobial therapy, treating the source of infection, and cardiorespiratory resuscitation to prevent oxygen deprivation in peripheral tissues. 4 EGDT central venous pressure targets are maintained through IV fluids, mean arterial pressure targets through vasopressors, and continued oxygen delivery targets through transfusion of red cells, inotropic agents, and mechanical ventilation. 4 ICU sepsis management focuses on continuing to maintain the established goals of EGDT. 4 This includes careful monitoring of organ function with necessary supportive therapies and the de-escalation of treatment whenever possible. The Surviving Sepsis Campaign (2012) provides standard guidelines for timely initiation of EGDT and ongoing management. 4 Severe sepsis is sepsis complicated by acute organ dysfunction and has a mortality rate of approximately 30%. 6 The variability of organ systems affected contributes to the highly variable clinical manifestations of sepsis, including central nervous system dysfunction and acute kidney injury (AKI). During early management of sepsis, the lactate present in serum is assumed to be the byproduct of anaerobic metabolism and can be used to gauge organ hypoperfusion. 5 Organ dysfunction commonly affects the cardiovascular and respiratory systems, which classically manifests as ARDS. 7 ARDS is a diffuse acute inflammatory lung injury with a recognizable injury pattern involving discontinuous endothelial injury, non-cardiogenic pulmonary edema, and atelectasis throughout both lungs. 8 Together, these lead to an inhibition of gas exchange and contribute to a clinical picture marked by hypoxemia and bilateral opacities on chest radiography. Pathologically, ARDS correlates with diffuse alveolar damage and has an approximate short-term mortality of 45%. 8 Diagnosis of ARDS in our patient was consistent with the Berlin Definition (Table 3) . 8 Management of ARDS focuses on supportive therapy and the treatment of hypoxia using mechanical ventilation. Supportive care involves sedation, hemodynamic monitoring, nutritional support, glucose control, and prevention of complications. 8, 9 Our patient was sedated with continuous propofol infusion and bolus doses of midazolam, given the history of ongoing alcohol abuse. Morphine infusion was continued for ongoing pain control. Standard ventilator management involves a lung-protective ventilation strategy and in our patient followed the ARDS Network protocol. 10 As ARDS affects the lung heterogeneously, some areas of the lung remain aerated and relatively normal and are sometimes referred to as "baby lungs." The ARDS Network protocol incorporates a lower tidal volume strategy (6 cc/kg ideal body weight) to avoid overdistension of the functioning portion of the lungs and ventilator-induced lung injury. 8 Patients being treated for ARDS are at a high risk for ventilator-associated complications, notably barotrauma from the positive pressure, volutrauma from excessive tidal volumes, atelectrauma from repeated opening and closing of the alveoli, biotrauma from the release of inflammatory mediators into the circulation, and ventilator-associated pneumonia. 8 The mortality form ARDS is typically due to associated multi organ dysfunction syndrome (MODS). 9 The presence of ARDS in our patient presented another challenge for successful management of the patient's sepsis. The AKI was thought to be prerenal in origin, secondary to hypoperfusion during sepsis. Treatment of AKI was source control and IV fluids to maintain enough perfusion pressure. Maintenance of adequate volume status was key; keeping the patient dry enough to prevent pulmonary edema while maintaining adequate fluids to keep the kidneys perfused was a challenge.
conclusion
The patient's clinical condition stabilized and improvements were seen in urine output, serum creatinine and blood urea nitrogen (BUN). Over the next 2 days vasopressor support was titrated off and the patient returned to the OR for repeat debridement and vacuum-assisted closure dressing changes. Prior to the OR the patient was thrombocytopenic and required 2 units of platelet transfusion to reduce risk of bleeding. The thrombocytopenia was attributed to complicated sepsis. 7 Blood and wound cultures subsequently came back positive for group A streptococcus and methicillin-resistant 
